Background: Replacement of the meniscus by an implant could potentially avoid cartilage degeneration.
The knee menisci are wedge-shaped, semilunar discs that play a critical role in the normal biomechanics of the knee joint (eg, in load bearing and distribution, shock absorption, joint lubrication, and stabilization of the knee joint). 10, 11, 46 The meniscus also plays an important role in the transduction of mechanical forces and in proprioception by nerve endings in the vascularized part of the meniscus. 27, 32 The function of the meniscus is reflected in its ultrastructural organization. The extracellular matrix of the fibrocartilage tissue of the meniscus consists mainly of collagen type I. Particularly in the peripheral two thirds of the meniscus, the collagen is oriented in radial and circumferential bundles, providing resistance to tensile and radial forces. 12, 33 Most collagen type II is found in the inner region. 17 Glycosaminoglycans (GAGs) are present in smaller quantities and are mainly localized with type II collagen. Glycosaminoglycans are particularly important in maintaining the viscoelastic properties, compression stiffness, and tissue hydration of the meniscus. 12, 33 Substantial damage to the meniscus can make a (subtotal) meniscectomy inevitable, which, in time, induces cartilage degeneration of the tibia and femur. 4, 15, 23 Clinically, the collagen meniscus implant can be used for meniscus tissue regeneration after a partial meniscectomy. 30, 36 In cases of a severely damaged meniscus, it can be replaced by an allograft meniscus, 20, 25, 35, 42, 44 but this procedure should still be considered experimental. 31 Replacement of the total meniscus by an autograft or an artificial implant could potentially protect the articular cartilage. So far, research was focused on the use of autologous tissue, 2, 5, 21, 45 synthetic materials, 19, 24, 26 or on a combination of these 2 types of material. 5, 37, 39 A biodegradable porous polymer implant may be particularly promising. It acts as a temporary scaffold to enable the regeneration of new meniscus tissue in time by slow degradation of the polymer and simultaneous differentiation of the ingrown fibrovascular tissue into the typical avascular meniscus fibrocartilage. Commercially available polyurethanes have been used in meniscus replacement. 6, 18 After implantation, the implant was filled with tissue resembling cartilage-like tissue. Macroscopically, the cartilage degeneration was less severe than after total meniscectomy. 7, 9, 34 However, the used polyurethanes may release toxic components and are therefore not suitable for human use. 13 Therefore a polycaprolacton-based polyurethane (PCLPU) with nontoxic degradation products was developed. 7, 9, 13, 34 The PCLPU consists of well-defined hard segments in combination with slowly degrading polyester soft segments. 13 The hard segments determine the stiffness of the polymer (compression modulus of 300 kPa at 20% compression). To facilitate the process of ingrowth the polymer was provided with a porosity of ~80% and with a homogeneous distribution of larger interconnected pores (pore size, 150-355 µm). In 2 studies we found that after 6 months the ingrown tissue was fibrous-like in the peripheral zones of the meniscus prosthesis, but in the central areas, cartilage-like tissue had developed. 14, 40, 41 Given the loss of all mechanical properties of the PCLPU between 6 and 12 months in an in vitro degradation study, 13 we hypothesized that the resulting increase of load on the tissue in the scaffold could be a trigger for further remodeling into a more organized, meniscus-like extracellular matrix. To study this, we implanted PCLPU implants in dogs and analyzed the implants after 6 and 24 months. Total meniscectomy and native menisci served as control groups. Implants were made in a mold to minimize variation as much as possible. In addition to long-term tissue differentiation, changes in stiffness of the implants, the foreign body reaction, and articular cartilage degeneration were studied in this long-term study.
MATERIALS AND METHODS

Implant
The PCLPU consists of a hard segment of 1,4-butanediisocyanate and butane diol and a soft segment of poly(ε-caprolactone). The pores were created by mixing the polymer solvent solution with salt crystals ranging in size from 150 to 355 microns, which were washed away after complete polymerization of the scaffold. 8 The macropores were directly interconnected to achieve a high permeability of the polymer. The porosity was 81.4%, and the compression modulus at 20% compression was 300 kPa. We used a Teflon mold (Teflon PTFE; DuPont, Wilmington, Del) to produce the implants to create implants in a form similar to the native meniscus. The implants were also smooth and were provided with an interstice for the popliteus tendon ( Figure 1 ).
Figure 1.
Meniscus implant produced in mold before implantation. A, the PCLPU polymer. Note the interconnective pore structure. B, the meniscus implant.
Surgery
Thirteen adult male and female beagle dogs were operated on bilaterally but not in one session. Their average weight was 12.5 kg (SD, ±0.2 kg). A total lateral meniscectomy was performed on 20 legs. Six knees were left intact to analyze the effect on the contralateral side of the meniscectomy and of implantation of the scaffold ( Table 1 ). The local institutional animal welfare committee approved all procedures.
The lateral meniscus was approached by a lateral incision of the knee joint capsule without detachment of any ligament. Using a Beaver eyeblade (Waltham, Mass) the meniscus was separated from its anterior and posterior attachments. Two drill holes were created originating from the lateral tibial side to the former attachment of the anterior and posterior horns of the native meniscus. Two bonded nondegradable sutures were led through the 2 horns of the implant. The sutures were pulled through the drill holes in the tibia. The periphery of the implant was sutured to the peripheral knee joint capsule using 2-0 resorbable bonded sutures (Vicryl 2/0; Ethicon, Amersfoort, Netherlands) to achieve close contact between synovial tissue and the implant. Afterward, the capsule and skin were closed. The dogs were not immobilized but allowed to walk as soon as possible.
Histology
After 6 or 24 months, the dogs were sacrificed. Radiographs were taken of the joints, and thereafter the joints were opened and the femur was dissected from the tibial plateau. The noncovered part of the tibial plateau was stained with india ink and photographed (Figure 2A ). Then the meniscus, the tissue that had been formed in the meniscectomy group, or the polymer implant was photographed and carefully removed. Again, the femoral condyles and the tibial plateau were stained with india ink ( Figure 2B , C). After 30 seconds, the nonadhering ink was carefully removed by running tap water and the femoral condyles and tibial plateaus were photographed to enable visualization and analysis of the fibrillated area on femur and tibia. 16 The diameter of the heavily fibrillated area on the femur was measured by using an interactive, computer-controlled, image-analysis system (analySIS Soft Imaging System, GmbH, Münster, Germany). The implants in the meniscectomy group were resected, and a 4-mm full-thickness biopsy specimen was taken from the posterior part of the tissues for biomechanical analysis. The femoral condyles and the tibial plateau were dissected (see Figure 3 for details of the procedure). The harvested implants were divided into 4 equal parts. The 2 anterior and the most posterior part were fixed in acetone (4°C) for 6 hours, infiltrated in glycolmethacrylate monomer (GMA), and polymerized at room temperature for 1 day. The part in the medial-posterior region (part II, Figure 3B ) was treated the same way except that it was infiltrated with methylmethacrylate monomer (MMA) and polymerized at -20°C for 2 days for histological and immunohistochemistry analysis. Sections (7 microns) were cut in the transverse plane, deacrylated (polymethylmethacrylate [PMMA]-embedded parts of the meniscus), dried at 37°C, and stained with hematoxylin and eosine (H&E), safranin O, Sudan Black (Merck, Darmstadt, Germany), and Picrosirius Red (PSR) (Chroma, Kongen, Germany). 29 For PSR staining, sections were stained for 10 minutes with Weichert Haematoxiline (Merck) and then stained for 30 minutes in a PSR solution (10 mL of 1% Sirius Red [Chroma]) in 90 mL in a saturated Picric acid solution (Chroma). All sections of PMMA-embedded tissues were deacrylated in a mixture of xyleen and chloroform (1:1) for 3 × 15 minutes before staining. In preparation for immunohistochemistry, PMMA sections were subsequently treated with 1% testicular hyaluronidase (type I-S, EC 3.2.1.35; Sigma, St Louis, Mo) in phosphatebuffered saline (PBS) for 30 minutes at 37°C. To block nonspecific labeling, sections were treated with 10% normal goat serum (for collagen type I antibody labeling) and normal horse serum (for collagen type II antibody labeling) in PBS with 1% bovine serum albumin (Sigma). Polyclonal anticollagen type I antibodies (1/600, PS-41, antihuman raised in rabbit; Sanbio, Uden, Netherlands) and monoclonal anticollagen II antibodies 1 (1/300, II-II6B3, antichicken raised in mouse; Developmental Studies Hybridoma Bank, University of Iowa, Iowa City, Iowa) 22 were applied and the samples were incubated in a humidified chamber overnight at 4°C. Anticollagen antibodies were detected using a biotin-labeled goat antirabbit antibody (1/200 dilution; Dako) and horse antimouse antibody (1/200 dilution; Dako) for 90 minutes at room temperature. A biotin-streptavidin detection system (Vectra Elite Kit; Vector, Burlingame, Calif) was used according to the manufacturer's recommendations. The peroxidase was detected using tablets containing 10 mg 3,3-diaminobenzidine tetrahydrochloride (Sigma) dissolved in 15 mL aqua dest with 12 microliters H 2 O 2 (30%) for 7 minutes. After rinsing, sections were dehydrated and mounted with DPX (BDH, Poole, England).
The tibial plateaus and femoral condyles were dissected in equal proportions. The tibial plateaus were divided into a lateral and a medial part, which were subsequently divided into an anterior and posterior half. The anterior half was processed for routine histology and the posterior half for immunohistochemistry ( Figure 3B ). The femoral condyles were also divided in a medial half for immunohistochemistry and a lateral half for routine histologic examination. Sections of the tibia were cut in midtransverse plane and sections of the femur in midsagittal plane. The anterior halves of the tibial plateaus and the lateral halves of the femoral condyles were fixed in buffered formaldehyde (4%, pH 7.4) and decalcified in 10% ethylene diamine tetraacetic acid (EDTA) (Titriplex III; Merck, Darmstadt, Germany). After extensive rinsing with tap water, tissue blocks were dehydrated in alcohol and embedded in PMMA for 2 days at 37°C. Two synovium biopsies were taken from each knee from the most lateral area and from the synovium directly next to the implant. The samples were frozen in liquid nitrogen and stored at -80°C.
Microscopy
The implant with ingrown tissue in the microscope was grossly divided into 3 zones (eg, peripheral, central, and inner zone). The phenotype of the tissue in the scaffold was scored as vascularized fibrous tissue or as avascular fibrocartilage tissue. The safranin O staining for labeling proteoglycans was scored on an ordinal scale from no staining (-) to normal staining (++++). Collagen orientation was analyzed with polarized light on the Picrosirius Red-stained sections. 29 The foreign body reaction in the synovium and in the pores of the implant was scored according to an ordinal scale as no inflammation (grade 0), slight inflammation (few macrophages/giant cells, grade 1), well-defined inflammatory reaction (many macrophages/giant cells, no polymorphonuclear leucocyte (PMN) leucocytes, grade 2), moderate inflammation (many macrophages/giant cells with few PMN leucocytes, grade 3), and severe inflammation (abundant macrophages, giant cells, and PMN leucocytes, grade 4). 43 The exposure of the implant to the surface, for example, not covered with tissue, was scored on a scale as no exposure (no), just a few particles exposed to the surface (minimal), less than a quarter of the surface area exposed (<1/4), less than a half (<1/2), less than 3 quarters (<3/4), or almost total exposure of the surface area (total).
Articular Cartilage
The articular cartilage of femoral condyles and tibial plateaus was photographed and inspected for gross degenerative changes. Degenerative changes were scored according to the Mankin grading system from normal structure (grade 0) to complete disorganization (grade 6), normal cells (grade 0) to hypocellularity (grade 6), normal safranin O staining (grade 0) to no staining (grade 4), and an intact tidemark (grade 0) or a tidemark infiltrated with blood vessels (grade 1). The total score of each subcategory determined the qualitative Mankin score.
Biomechanical Analysis
After excision of the meniscus-like tissue of all dogs' knees, 4-mm punch biopsy specimens (see Figure 2 for location) were taken of a specified region of the posterior horn of the implants, the native menisci, and the regenerated tissue of the meniscectomy group. As a reference, punches also were taken from polymer that was not implanted. All punches were immediately frozen in liquid nitrogen and thereafter stored at -80°C. Before compression testing, punches were thawed at room temperature. Samples were then cut with a sharp blade in a hollow cylinder to a height of 3 mm with a flat surface perpendicular to the long axis of the cylinder, and directly afterward loaded with an Instron (4301; Norwood, Md) compression tester, equipped with a 100-N load cell, with a compression rate of 2 mm/min in an unconfined way at room temperature (22°C). The maximum compression was 50%.
The results of the cartilage degeneration were analyzed by analysis of variance (ANOVA) test (ANOVA on ranks for the Mankin scores of the medial sites) and post hoc t test (Tukey). For the compression test data, the ANOVA and post-hoc t test (Tukey) were used. Statistical significance was set at P values less than .05.
RESULTS
Clinical and Macroscopic Observations
Two dogs had a delay of 3 to 4 days after the surgery in loading the knee. A similar gait pattern was observed in all dogs postoperatively and in the long term. Postoperatively, 1 dog was successfully treated for a suspected infection. While harvesting the menisci the surgeon noticed that in all knees the popliteus was in a medial position. At the same location, the implants were severely damaged. The original implant, including the inner part of it, was cut into 2 parts. All implants appeared well connected to the peripheral synovial tissue with minimal synovial overgrowth. All implants had a rigid peripheral attachment to the capsule and appeared in a near anatomic position. All tissues were available for analysis.
Analyzing the india ink-staining patterns of the uncovered part of the tibial plateaus, it appeared that staining patterns were quite similar in meniscectomy and implant groups (Figure 2A, B) . The diameter of the uncovered surface area of the tibial plateau measured in the midtransverse plane, however, was different ( Table 2) . Uncovered areas tended to be wider on the lateral plateau than on the (nonoperated) medial side, also in the native meniscus group ( Figure 2B) . A clear significant difference was found between the lateral and medial uncovered area of the 6-month implant group (P = .02). The uncovered area on the lateral side appeared to be wider in the implant and meniscectomy groups compared with the native meniscus group, but only at 6 months was this difference significant (P = .02). The width and location of the staining pattern on the femur corresponded to the uncovered area of the lateral part of the tibia plateau ( Figure 2B, C) .
Six-Month Histology
The whole scaffold was filled with fibrovascular tissue with spindle-shaped cells surrounded by extracellular matrix ( Figure 4A ). Abundant collagen type I labeling was found throughout the scaffold ( Figure 5 ). Irrespective of the location in the implant, the bundles of collagen completely filled the pores and were, in each pore, oriented toward the larger and smaller interconnecting channels between the pores ( Figure 6 ). Along the surface of the pores, some giant cells were present, but the inflammatory reaction was scored as grade I. The synovium was normal or slightly hypertrophic. In 2 of the 6 harvested implants, the central part of the scaffold contained some areas of cartilage-like tissue with fibroblasts with a more chondrocyte-like phenotype ( Figure 4B; Figure 7 , area III). These areas were less vascularized, contained fewer cells and a positive collagen type II antibody labeling ( Figure 5C ), and proteoglycan staining was present. However, in 4 of 6 implants, this differentiation had not occurred and the tissue had a fibrovascular phenotype (areas I and II, Figure 7) .
Like the pores of the scaffold, the surface was mostly covered with tissue of a fibrovascular phenotype. However, in all knees, implants were not completely covered with tissue; in some of the implants, one quarter of the polymer surface was exposed to the opposite cartilage surface ( Figure 8 and Table 3 ). In some of the microscopic images on cross-section, the distance between thick fibrous tissue layers not containing any polymer was seen in the periphery of implants. These layers separated those parts of the implant from the bulk of the implant, suggesting also fragmentation of the implants on a more microscopic scale (Table 3 ).
Histology at 24 Months
After 24 months, the cross-sectional areas of anterior cross-sections tended to be slightly larger than the posterior cross-sections. Two distinct areas were present in all the specimens. First, there was a thin outer zone of fibrovascular tissue with spindle-shaped cells and positive staining using Picrosirius Red and positive immunohistochemical staining using collagen type I antibodies ( Figure  5B ; area I, Figure 7 ). Second, there was a much larger (compared with the 6-month specimens) inner zone containing mainly cartilage-like tissue with chondrocyte-like cells (area III and IV, Figure 7 ). The extracellular matrix in this area stained positively with antibodies to both collagen types I and II (Figure 5B, C) . Collagen type I had a homogeneous distribution throughout the entire implant. Collagen type II localization was confined to areas II and IV (Figure 7) . No collagen type II staining was observed in the peripheral transitional zone (area I, Figure 7 ) to the synovium.
Bundles of collagen filled the pores completely and were oriented toward the larger and smaller pores ( Figure 6 ). In anterior specimens (area I, Figure 7 ), most safranin O staining was lacking in the center of the scaffold (area IV, Figure 7 ). In these areas, vital cells were scarce or absent (Figure 9 ). Only around vital cells was safranin O-stained matrix present ( Figure 9B ). Hardly any signs of an inflammatory reaction were seen in the implant or synovium, which showed a normal cellularity. The surface of the implant was almost completely covered with a layer of variable thickness (50-400 µM) fibrovascular tissue as described above (area II, Figure 7 ). All knees showed some extent of surface exposure of the PCLPU, but this was far less than the exposure in the 6-month group (Table 3) .
After 24 months, the polymer seemed to fragment within the newly formed tissue; however, it was not degraded noticeably. Disintegration by fragmentation of the PCLPU scaffold was found in 6 of the 7 implants (Table 3 ). This disintegration was seen mainly at the peripheral parts of the scaffold. In the central part, the microstructure of the scaffold remained unchanged. In one knee we found some small fragmented parts of the implant in nearby synovial tissue. At the same location, some synovial hypertrophy was found ( Figure 10 ). 
Native Meniscus
In general, the patterns in the native meniscus control group were different from the patterns in the implant groups. In the native menisci, a positive collagen type I labeling was found in the outer rim (peripheral one third of a coronal section). In the inner rim (central one third of a coronal section), more collagen type II and proteoglycans were found. In the peripheral transitional zone to the synovium, no collagen type II staining was observed. Staining with Picrosirius Red showed an equally distributed staining throughout the meniscus. The circumferential fibers were well stained and located toward the periphery of the meniscus. Radial tie fibers were seen with H&E staining and polarized light on Picrosirius Red staining. The tie fibers stained equally for collagen type I and type II antibodies ( Figure 5A ).
In the meniscectomy group, a fibrous tissue had developed. Occasionally, the collagen was more oriented, and some diffuse safranin O-positive areas were present, which were mainly dense fibrous with some focal areas of a tissue resembling native meniscus tissue (eg, oriented collagen bundles, collagen type I and II labeling, and some proteoglycans staining by safranin O) ( Figure 11 ).
Cartilage Degeneration
The Mankin scores of the tibia and femur (Table 4 ) did not differ significantly between 6 and 24 months (P = .65, P = .64, respectively). No significant difference was found between the implant groups (6 and 24 months) and the meniscectomy control group (tibia: P = .88 and P = .97, respectively; femur: P = .96 and P = .33, respectively). Significant differences were found between the native meniscus control group and the implant at 6 months, 24 months, and meniscectomy group of the tibial cartilage degeneration (P = .01, P < .01, and P < .01, respectively). For the femoral cartilage degeneration, significant differences also were found in relation to the native meniscus control group (P = .01, P < .01, and P = .03, respectively). On the medial, nonoperated side, no significant differences between groups were found. Fragmentation of the scaffold: the scaffold lost its original microscopic morphologic characteristics. c Surface exposure: minimal, almost completely covered with tissue except very small areas; <1/4, less than one quarter of the surface area uncovered with tissue.
Biomechanical Evaluation
The slope of the compression-stress curves increased from 6 to 24 months ( Figure 12 ). There was no significant difference between the implants after 6 and 24 months in vivo (P = .29) and between the implants and the native meniscus (P = .86).
DISCUSSION
In this long-term in vivo follow-up study, we analyzed a porous polymer meniscus implant after 6 and 24 months in adult beagle dogs. The main questions addressed were if the implants would evoke a foreign body reaction, if the ingrown tissue in the implant would differentiate into the typical meniscus fibrocartilage, and if cartilage degeneration of the tibial plateau and femoral condyles could be prevented. This is the first report of 2-year results of tissue differentiation in scaffolds for meniscus replacement after total meniscectomy. The results of tissue ingrowth and differentiation in PCLPU scaffolds after 3 and 6 months in vivo have been previously described. 40, 41 Kobayashi et al 19 reported 2-year results of articular cartilage degeneration and mechanical tests of a polyvinyl alcohol-hydrogel implant in rabbits, but no evaluation of tissue ingrowth and differentiation in the implant was performed. In the present study, we again found complete ingrowth of fibrovascular tissue into the scaffold after 6 months with abundant collagen type I labeling. Similar to previous studies, a remodeling into a cartilage-like tissue with type II and GAGs was found in the inner higher loaded region of the scaffold. 40, 41 However, the amount of differentiation after 6 months in this study was less than in previous studies with the same polymer. 40, 41 Tissue differentiation from fibrovascular to cartilage-like had progressed in the 24-month implants, particularly in the central region of each scaffold. In the peripheral transitional zone to the synovial tissue, collagen type II staining was absent, similar as the distribution in the native meniscus. 3, 17 A homogeneous distribution of type I collagen was found throughout the scaffold. However, despite this differentiation toward cartilage-like tissue, the typical organization of meniscus tissue, as found in the native meniscus, was not found in the scaffolds.
One of the reasons for this lack of tissue differentiation into typical meniscus tissue could be that the scaffold was not degraded after 24 months. The general microscopic structure of the scaffolds after 24 months was not changed compared with the 6-month follow-up. Only at the microscopic level did the Sudan Black stain reveal more local fragmentation after 24 months in the specimens.
A second reason might be the differentiation toward cartilage-like tissue in the scaffolds, which is normally not present in meniscus tissue. If the remodeling of the initial vascularized fibrous tissue into this avascular cartilagelike tissue is an end stage of differentiation, further differentiation into the typical meniscus tissue may be blocked. Therefore, scaffolds with a shorter degradation period might be an option, which could enable the differentiation toward the more fibrocartilaginous tissue. This might also prevent the relatively unwanted differentiation into cartilage-like tissue.
A third reason for a lack of differentiation might be inadequate nutrition of the ingrown tissue by the remaining polymer. The damage of the implants might have resulted in suboptimal loading conditions, which would have had an additional role in the insufficient nutrition but also might have played a role in the lack of remodeling toward the typical meniscus fibrocartilage.
Although a differentiation into the typical organization of the native meniscus was not observed, the compression modulus of the implants was significantly improved by the tissue ingrowth. A high compression modulus of a meniscus or of a meniscus implant is important to resist the high loading forces and to distribute these loads across a greater surface and is therefore important in the role of stabilization and alignment of the knee. 28 The mechanical analysis in this follow-up study showed no difference in compression modulus between the implants between 6 and 24 months, and the curves were similar to those previously described in the short-term studies. 40, 41 The mechanical properties were intermediate between native meniscus and scaffold without tissue ingrowth. On the basis of in vitro degradation studies, it can be expected that the PCLPU has lost all mechanical strength after 1 year of implantation. 14 Therefore, we assume that a stiffer tissue had been formed between 6 and 24 months, which partly compensates for the loss of mechanical strength of the polymer. The strength in the circumferential direction was not sufficient. The collagen architecture had a more meshlike appearance instead of the circumferential orientation in the native meniscus. Further studies should work to prove if this circumferential strength can compete with the native situation if optimized implants are developed.
The previous 6-month studies showed that cartilage degeneration had started during the first months in vivo. 40, 41 This was again observed in the present study. We speculated that the improved surface properties of the implant would have a beneficial effect on chondroprotection, but that was not found in this study. After 24 months, no difference was observed between the meniscectomy group and the implant group. Although the ink staining did not show the extrusion of the implant, it might be speculated that the implant was unable to resist the extrusion forces in the knee joint during in vivo loading. This might have led to comparable peak stresses in implant and meniscectomy joints with comparable damage to the articular cartilage.
The results on cartilage degradation should also be considered in light of the small beagle knee in which complicated open surgery is inevitably associated with a relatively large trauma reaction. This trauma is induced by the meniscectomy itself and by creating the drill holes in the tibial plateau. Also, the effect of the popliteus tendon needs to be considered in future animal knee models. We have to adjust the surgical procedure to protect the tendovaginal sleeve, thereby preventing the tendon from entering the knee joint. Clinically, it could be considered to treat patients with a polymer implant but with an operation technique similar to that of the collagen meniscus implant, in which the outer rim of the meniscus is left in situ. 37, 38 In such a procedure, the outer rim protects the implant from overloading and will prevent the implant from being pushed into a peripheral position, which will lead to almost normal contact stresses between femur and tibia.
CONCLUSION
The PCLPU meniscus implant is a good scaffold for ingrowth of fibrovascular tissue. The implants were fully integrated into the tissue without formation of capsule. The foreign body reaction was very mild and did not exceed grade I. Even in cases where loose particles were shown in the synovium, foreign body reaction was very mild (grade I). The process of differentiation into the typical meniscuslike tissue, that is, tissue with a specific structural organization and a fibrocartilage phenotype, was lacking after both 6 and 24 months. The porous polymer scaffold was histologically not noticeably degraded after 24 months, and cell death was observed in the central region of the anterior parts of the implant. The stiffness of the implants after 24 months was intermediate between scaffolds before implantation and native meniscus tissue. Articular cartilage degeneration in knees containing a menicus implant was similar to that in knees that underwent meniscectomy only. Further improvements in the implant, model, and surgical technique are essential for the adequate protection of articular cartilage.
